Readmissions represent an important outcome for patients and healthcare systems alike. From the patient's perspective, recent hospitalizations are associated with a period of increased risk for adverse events. 1 From the perspective of hospitals and healthcare systems, readmissions represent potentially preventable and costly events. For these reasons, there has been substantial research aimed at understanding the causes and consequences of readmission among a diverse array of conditions and procedures. Transcatheter aortic valve implantation (TAVI) is a first-line treatment option for symptomatic aortic stenosis in patients with prohibitive, high, or intermediate risk for surgical aortic valve replacement. 2, 3 By definition, most patients have significant co-morbid conditions putting them at increased risk for adverse events including readmission, leading to a recent focus on understanding readmissions after TAVI. In order to prevent readmissions, we must understand the causes and predictors of this costly event.
In this issue of the journal, Franzone and colleagues 4 have done just that by describing the rates, causes, and predictors of readmission within 1 year after TAVI at a single centre in Switzerland. The authors prospectively followed 900 consecutive patients with aortic stenosis who underwent TAVI between August 2007 and June 2014. Of those, 868 patients were discharged alive and at risk for readmission during the first year after TAVI. A total of 221 patients (25%) were readmitted within 1 year after discharge. Most readmissions were for noncardiovascular causes (54%), including non-cardiac surgery (12%), gastrointestinal disease (10%), and 'other' causes (17%) such as falls and immunological disorders. The most common cardiovascular reason for readmission was heart failure (39%), similar to other common cardiovascular discharge diagnoses including acute myocardial infarction and congestive heart failure. 5 Notably, valve-related causes of readmission were rare in the current study, accounting for only 2.8% of cardiovascular readmissions and 1.3% of all readmissions. Using multivariable regression techniques that account for the competing risk of death, the authors identified male gender and inhospital acute kidney injury as independent risk factors for all-cause readmission, whereas a history of myocardial infarction and inhospital life-threatening bleeding were associated with an increased risk of cardiovascular-related readmission. Interestingly, postprocedural echocardiographic variables such as mean transprosthetic gradient, indexed aortic valve area, left ventricular ejection fraction, aortic regurgitation, and moderate or severe mitral regurgitation were not significantly associated with the risk of readmission. Finally, the authors discovered that early hospital readmission (within 30 days of discharge) was associated with significantly increased risks of all-cause and cardiovascular mortality, further highlighting the need to better understand the causes and effects of post-TAVI readmissions.
The authors should be commended on this important study, providing detailed, clinically adjudicated outcomes on a large number of patients who underwent TAVI at a single centre. They used sophisticated statistical techniques to predict the risk of readmission while accounting for the competing risk of death, an issue that is often present and variably accounted for in many studies. 6 They also provide a breakdown of the causes of readmissions not only for the initial readmission but for subsequent readmissions as well. This study also should be interpreted in the context of some limitations, the most significant of which may be related to the singlecentre setting of the study, limiting the generalizability of the findings. However, the authors disclose a 1-year readmission rate that, when placed in the context of other recent observations, is remarkable.
In contrast, in a large observational study using the US STS/ACC Transcatheter Valve Registry, Holmes et al. readmission rate that is more than twice the rate reported in the current study (53.2% vs. 25.4%; Figure 1) . 4, 7 Furthermore, two recent US studies reported that 18% of patients discharged alive after TAVI were readmitted within 30 days, 8, 9 whereas the current study reports 25% readmitted within 1 year. Although the current study does not provide a 30-day readmission rate, based upon the reported median and interquartile range (IQR) for the time to first readmission, 13% and 6% of patients, respectively, were readmitted within 70 days and 23 days of discharge after TAVI. These rates are substantially lower than the 30-day readmission rates reported by the US studies mentioned above (Figure 1) . Even in other countries there is substantial variation in published 1-year readmission rates. For example, in a study from a Spanish and a Canadian centre, Nombela-Franco et al. reported a 1-year readmission rate of 43.9%, 10 whereas a recent study of 11 Austrian sites reported a 1-year readmission rate of 12.0%. 11 Of course, variation does not only exist between countries. Within the USA, Kolte and colleagues found hospital 30-day readmission rates after TAVI that ranged between 0% and 50%. 9 Readmissions were also important endpoints for many of the landmark randomized controlled trials evaluating TAVI. The 1-year readmission rates in the TAVI treatment arms of the PARTNER 1A, 12 PARTNER 1B, 13 PARTNER 2A, 14 and SURTAVI 15 trial cohorts were 18.2, 22.3, 14.8, and 8.5%, respectively. However, unlike the current study which examined all-cause readmission, the recurrent hospitalization endpoints used in these randomized controlled trials generally included only hospital admissions for signs and symptoms of aortic valve disease or complications from the procedure (i.e. infection, renal failure, etc.). Due to the differing definitions of readmission, it is difficult to place the findings of the current study in context with these important randomized controlled trials. What could account for these differences between studies? Put another way: what are they doing right? And how can we do it better? As the authors point out, there are potentially numerous answers to these questions, including: (i) differences in the assessment and definition of readmission; (ii) patient clinical features; (iii) organization of healthcare systems; (iv) procedural protocols; and (v) management of post-interventional care. With respect to the first two factors, the definitions and methods of assessment for readmission indeed differed between studies. Whereas Kolte et al. 9 utilized administrative claims and ICD-9 (International Classification of Dieases, 9th revision) codes to identify and classify readmissions, Franzone et al. 4 clinically adjudicated their outcomes in a prospective fashion through clinic visits, phone calls, and clinical records. Also, the current study defined readmission as a hospitalization lasting >24 h, which may not have been the case in other studies. Individual patient risk may also vary between studies and potentially explain the variation in readmission rates. However, the study by Holmes et al. had a median STS predicted risk of mortality that was only marginally higher than the mean score in the current study (median 7.1%, IQR 4.8-10.8% vs. mean 6.6%, SD ±4.3%). 4, 7 This brings us to the latter three reasons as to why variation in readmission rates may exist. Arguably, these are the most important factors to understand, as they represent actionable targets from a healthcare delivery perspective. Is there something about the Swiss healthcare system in general that may partially explain variation between countries? Is there greater access to urgent outpatient follow-up or better co-ordination of post-TAVI care? Such questions warrant further study, as the optimal healthcare system remains elusive.
Could differences in procedural technique, protocols, and postprocedural management explain some of the variability in readmission rates? In the current study, post-procedural acute kidney injury and life-threatening bleeding were associated with significantly increased risks of readmission. Although there is obvious incentive to reduce the rate of all post-procedural complications, considering the findings from the current study, it is also possible that, by doing so, we may reduce downstream events such as readmissions. From a healthcare systems' perspective, reducing post-procedural complications would carry an immediate benefit to patients and may also reduce long-term costs, although the latter remains unproven. Ultimately, these findings should drive hospitals not only to adopt protocols to reduce the occurrence of post-procedural complications but also to identify patients at high risk of readmission, and implement strategies to prevent future admissions.
Lastly, it might be wrong to assert that all readmissions are bad. Some patients are readmitted because they warrant close medical attention and treatment, hopefully resulting in improved health outcomes. Therefore, it is critical that further research identifies factors associated with potentially preventable readmissions after TAVI, so that upstream strategies can be designed and implemented to prevent such readmissions in the future.
In the coming years, outcomes after TAVI should continue to improve due to advances in device technology and procedural technique. However, it is imperative that we seek to understand the sources of variation in post-TAVI outcomes such as readmission between sites (and studies). Exploring the reasons why certain sites have remarkably low readmission rates compared with others should inform the development of novel strategies to improve care and reduce costly, preventable readmissions. Conflict of interest: none declared.
